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LOW PROFILE SPBVAL FIXATION SYSTEM 



Field of the Invention 

The invention relates to spinal fixation systems and, more particularly, to spinal 
fixation systems that have a low profile. 

BackgronnH of the Invenrtnti 

Spinal rods for immobiUzing vertebral bones of the spinal column are typically 
anchored to the vertebrae via bone screws that extend through the pedicle into the 
vertebral bodiesorby hooks thatengageaboutthe vertebrae. The rods are connected to 
the anchor members by generally yoke-shaped couplers that can be either integral with 
the anchor member head or separate components from the anchor member for use in 
polyaxial pedicle screw systems for spinal rod fixation. These prior systems employ 
some sort of compression member that is brought down into engagement either directly 
or indirectly with the spinal rod for securing it relative to the anchor member, and in 
polyaxial systems for securing the anchor member relative to the coupler. 

For this purpose, the compression member and coupler typicaUy are engaged via 
threading therebetween such that the compression member is threaded down into its 
locked position in or about the yoke-shaped coupler. Alternatively, wedge cam surfaces 
between radial flanges on the compression member and radial recesses in the coupler 
walls have also been employed to advance the compression member for pushing the 
spinal rod down into fixed position relative to the screw anchor member, see U.S. Patent 
No. 6,565,565, to Yuan, et al. The problem with the threaded or cam wedge systems of 
spinal rod locldng is that to aUow the compression member to advance relative to the 
coupler, the size or profile of the coupler as well as the compression member necessarily 
is increased. lo other words, to have threads or cam surfaces formed on the coupler 
requires that the walls be provided with a sufficient axial extent for the advancement of 
the threaded or cammed compression member therealong. Additionally, many systems 
utilize a fuU spherical head on a bone screw located adjacent the rod, thereby requiring 
a greater coupler to capture the rod and the bone screw head. 
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Li polyaxial spinal fixation systems, the use of inserts between the head of the 
anchor member and the spinal rod has been proposed, see U.S. Patent No. 5,733,286 to 
Errico, et al. The large hemispherical insert of Errico, et al. is engaged on a concave 
recess formed in a screw head received in the coupler allowing the coupler to adjust 
relative to the polyaxial pedicle screw for receipt of the spinal rod in its desired position. 
However, the entire Errico, et al. system has a undesirably large profile as it employs a 
threaded set screw for clamping on the spinal rod, and the hemispherical insert extends 
well beyond the top of the screw head into the coupler channel through which the spinal 
rod is received. 

Summary of the Invention 
In accordance with the present invention, a low-profile spinal fixation system is 
provided. In one aspect, a cam lock member of a coupling device is fixed against 
translation as it is turned so that a cam surface of the lock member causes an elongate 
member that extends generaUy along the spinal column, e.g. spinal rod, to be forced or 
pushed downward. As the cam lock member does not translate along the coupling 
device, the size of the coupling device can be kept to a minimum. Further, the low 
profile of the present system may allow for minimally invasive surgical piwedures to be 
employed therewith such as with the components thereof being cannulated for use with 
a guide wire. 

In another aspect, a polyaxial spinal fixation system is provided having a coupling 
member including an internal seat surface and a central bore sized to allow the anchor 
member to extend through the bore in several different orientations. The anchor member 
includes a head having an upper recess in which a low profile insert is provided. In a 
preferred form, the insert has an upper surface that is substantially flat. Other 
alternatives for the insert including the upper surface thereof ate that the insert may or 
may not deform when compressed, the insert upper surface may have radially oriented 
concave paths or valleys so that the insert rotates to the closest path to meet with the 



wo 2004/071339 



PCT/US2004/003605 



10 



15 



20 



25 



spinal rod. or the insert may have a cup or peripheral ridge that deforms when 
compressed by the spinal rod to form a path without deforming the spinal rod. The upper 

surface isfitin the head recess with theinsert sized so that the upper surface projects only 
sHghtly beyond the proximal end of the anchor member to keep the profile of the insert 
to a minimum. In one form, the insert upper surface is sized from the interface with the 
head recess at the bottom of the insert so that even with the anchor member pivoted to 
its maximum extent relative to the coupling member, the insert upper surface still 
projects sUghtly beyond the upper end of the anchor member head. e.g. by approximately 
0.010 inch. 

In a piefened form, the insert has an enlarged lower portion having a lower 
arcuate surface thereon for bearing against the concave recess surface of the anchor 

member head, andacentral projection that extends upwardlyfrom the lower portion and 
includes the flat upper surface thereon. The anchor member head preferably includes a 
retainer such as in the form of staked portions that aUow the insert to self-adjust as the 
angle of the coupling member is adjusted with the flat surface projecting above the 
anchor member head for engaging the spinal rod. 

In another preferred form, the cam member cooperates with a saddle or clamping 
member disposed between the cam member and the spinal rod. Upon turning of the cam 
member to lock the spinal rod, the cam member does not move axially along the coupling 
member but instead cams against the saddle member driving it axially toward the spinal 
rod until the spinal rod is secured between the clamping member, and the insert. The cam 
member preferably is secured in assembly to the clamping member with a connector in 
the form of a dual-pronged spring cKp so that the cam member stays assembled with the 
clamping member during a surgical procedure. 

Brief DftspripHnn of the nrawing e 

HG. 1 is a perspective view of a first form of the spinal fixation system in 
"accordance with the present invention showing a bone screw and a coupling device 
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including a coupling member and a cam lock member for securing a spinal rod relative 
to the bone screw; 

FIG. 2 is an enlarged perspective view of the spinal fixation system of HG. 1 with 
the coupling member removed to better illustrate the cam lock member and to show the 
configuration of the head of the bone screw; 

FIG. 3 is a cross-sectional view of the spinal fixation system showing a recess 
formed in the screw head in which a low profile anvil insert is received for clamping of 
the spinal rod thereagainst; 

no. 4 is a cross-sectional view similar to HG. 3 showing the relative sizes of the 
various components of the spinal fixation system; 

FIG. 5 is a elevational view similar to HG. 2 with the coupling member removed 
to show the radial flanges on the cam lock member and a bottom cam surface thereof; 

FIG. 6 is a cross-sectional view of the spinal fixation system showing the recesses 
formed in the coupling member configured to receive the radial flanges on the cam lock 
member; 

HGS, 7-10 are various views of the cam lock m&mhsc; 
FIGS. 11-13 are various views of the yoke-shaped coupling member; 
FIGS. 14 and 15 are elevational and sectional views, respectively, of the bone 
screw anchor member; 

FIGS. 16-18 are various views of alternative camming system employing both a 
cam lock member and a saddle member; 

FIG. 19 is an exploded perspective view of another form of the spinal fixation 
system in accordance with the present invention showing a bone screw and a coupUng 
device including a coupling member, a cam lock member, a spring clip connector 
member, a clamping member, and an insert for securing a spinal rod relative to the bone 
screw; 



wo 2004/071339 PCT/US2004/003605 



PIG. 20 is a side elevation view partially in section of the system of HG. 19 in 
a locked position showing a spinal rod secured between the clamping and insert 
members; 

FIG. 21 is a side elevation view of tiie bone screw of FIG. 19; 
5 HG. 22 is an enlarged cross-sectional view of a head of the bone screw of FIG. 

21; 

FIG. 23 is a plan view of the bone screw head showing a recess for the insert; 
HG. 24 is a side elevation view of the insert of HG. 19 showing an enlarged 
arcuate lower portion and a narrower upper portion projecting upward from the lower 
10 portion; 

HG. 25 is a perspective view of the insert showing a flat upper anvil surface 
thereof; 

HG. 26 is a plan view of the insert retained in the screw head recess; 
HG. 27 is an enlarged cross-sectional view of the screw head and the insert 
15 showing one of the staked head portions that retain the insert in the head recess; 

HG. 28 is a perspective view of the coupling member of HG. 19 including a pair 
of integral spaced sidewall portions; 

HG. 29 is a plan view of the coupling member showing a bottom throughbore 
through which the bone screw extends, and a saddle located therewithin; 
20 HG. 30 is a side view of the coupling member showing the spacing between the 

sidewalls; 

HG. 31 is a side view of the coupling niember rotated ninety degrees from the 
HG. 30 view showing an enlarged width lower portion of one of the sidewalls at the base 
of the coupling member; 
25 HG. 32 is a cross-sectional view of the coupling member showing blind apertures 

toward the lower ends of the sidewalls; 

HG. 33 is a perspective view of the cam lock member of HG. 19; 
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FIG. 34 is a bottom perspective view of the cam lock member showing a 
programmed cam surface at the bottom thereof; 

HG. 35 is a plan view of the cam lock member showing a drive socket including 
asymmetric drive surfaces; 

FIG. 36 is a perspective view of the spring clip connector of HG. 19 showing a 
pair of resilient prongs; 

HG. 37 is a side elevation view of the connector showing the spacing of the 
prongs and the flanged free ends thereof; 

HG. 38 is a side view of the clamping member of HG. 19; 
HG. 39 is a side view of the clamping member rotated ninety degrees from the 
HG. 38 view showing a pair of guide channels on one sidewall portion thereof; 

HG. 40 is a plan view of the clamping member showing a throughopening in the 
saddle member for the spring chp connector member; 

HG. 41 is a side elevation view of the cam lock member, and the clamping 
15 member in a unlocked position relative to the spinal rod; 

HG. 42 is a cross-sectional view similar to HG. 41 showing the spring chp 
connector with the flanged ends of the clip prongs spaced from the cap member; 

HG. 43 is a side elevation view of the cam lock member and the clamping 
member in a locked position relative to the spinal rod; and 

HG. 44 is a cross-sectional view similar to HG. 43 showing the clamping 
member shifted down along with the spring cUp connector with the cap member axially 
fixed and rotated to its locked position. 
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PetaMed Description nf t he Preferred Emhodimpnfc 
In HGS. 1 and 2, a low profile spinal fixation system 10 in accordance with one 
form of the present invention is depicted. As shown, the spinal fixation system 10 
includes a bone anchor member in the form of a bone screw 12 and a coupling device 
generally designated 14. The coupling device 14 is operable to secure an elongate 
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member in the fonn of spinal rod 16 in place relative to the bone screw 12. The coupling 
device 14 includes a compression or cam lock member 18 and a coupling member 20, 
which cooperate to secure the spinal rod 16 relative to the bone screw 12 anchored in a 
vertebral bone with the rod 16 generally extending axially along the spinal column. The 
coupling device 14 and specificaUy the cam lock member 18 and coupling member 20 
are provided with a compact configuration. In particular, the cam lock member 18 and 
coupling member 20 are provided with a very low profile in a direction indicated by axis 
line21 extendingtiransverse and specificaUy orthogonallyto the axis 16a of the spinal rod 
16 fixed relative to the bone screw 12 by the couphng device 14, as best seen in HG. 4. 

More specifically, the low profile of the coupHng device 14 is obtained by having 
the cam lock member 18 be effective to lock the spinal rod 16 without the need to 
advance the cam lock member 18 along the coupUng member 20. In this regard, the 
coupling member 20 can be provided with a body 22 having side openings 24 and 26 
through which the spinal rod 16 passes with the body 22 firee of any tiireading or cam 
surfaces that cooperate with the cam lock member 18 for locking of the spinal rod 16 
relative to the bone screw 12. Instead, the cam lock member 18 is fixed against 
translation relative to the coupling member 20, and preferably cooperates with the outer 
curved surface 28 of tiie rod 16 itself to secure it in position relative to the screw 12 in 
the system 10. 

For this purpose, the cam lock member 18 has a generaUy annularly configured 
body 30 having a very short axial extent along turning axis 21 tiiereof via annular side 
surface 3 1 extending between its top and bottom surfaces 32 and 34. The top surface 32 
is provided with driving surface portions 36 which cooperate to form a predetermined 
configuration for tiie receipt of a similarly configured drive tool for turning the cap 
member 18 between unlocked and locked positions thereof. The bottom surface 34 is 
programmed or contoured to provide a camming action on the curved surface 28 of the 
rod 16 when the cam lock member 18 is turned, as best seen in FIGS. 8 and 10 and as 
will be described more fully hereinafter. 
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Although less preferred in terms of maintaining a low profile for the spinal 
fixation system 10 herein, an intermediate clamping member in the form of saddle 
member 200 can be provided between the lock member 18 and spinal rod 16, as shown 
in HGS. 16-18. The saddle member 200 has an upper cam surface 202 configured for 
cooperation with lock member cam surface 34 when the lock member 18 is tumed to its 
locked position so that the saddle member 200 shifts downwardly along axis 21 for 
clamping against the rod 16. The saddle member is provided with a curved bottom 

surface 204 which substantiaUymatches the curvature of rod surface 28 so that the saddle 
member 200 engages and pushes against the rod 16 without camming thereagainst. The 
cam lock member 1 8 can include a center opening 206 which i^eives a central post 208 
projecting upward from the saddle member 200 to keep the cam lock member 18 and 
saddle member 200 oriented properly with respect to each other. 

Similar to the cam lock member 1 8, the coupUng member 20 also has a relatively 
small axial extent between top and bottom surfaces 38 and 40 thereof. As best seen in 
FIG. 11, the body 22 of the coupUng member generaUy has a U-shaped or yoke 
configuration including opposing upstanding walls 42 and 44 spaced from each other by 
the rod openings 24 and 26 which can have an elongate configuration and be open to the 
top 38 of the coupUng member body 22. Since the cam lock member 18 need not be 
advanced down along the walls 42 and 44 in the direction 2 1 , the size in this direction can 
be minimized. By way of example and not limitation, the length or distance that the 
walls 42 and 44 extend between the top 38 and bottom 40 of the coupling member body 
22 can be approximately 13.47miffimeters. The camlockmember 18 has aprofile along 
axis 21 between the top 32 and the lowest most point of the contoured bottom cam 
surface 34 of approximately 5.08mm. 

^ s**own, the annular body 30 of cam lock member 18 is sized to fit in internal 
space 46 of the coupUng member 20 between the arcuate waUs 42 and 44 thereof. The 
walls 42 and 44 are free of threading or cam surfaces that cooperate with the cam lock 
member 18 for shifting it to a locked position. More particularly, the inner surface 48 of 
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thecoupUngmember20includingaicuatesurfaceportions42aand44aontherespecti 
coupling member waUs 42 and 44 are sized to closely receive the outer surface 3 1 of the 

camlockmember annular body 30 therebetween. These surfaceportions42aand44aare 
each free of direading or cam surfaces and thus only serve as guide surfaces for the cam 
lock member body 30 as it is turned about axis 21. Since the walls 42 and 44 do not need 
to be threaded or provided with recessed cam surfaces or the like, the size of the coupling 
device 14 can be kept to a minimum in the widthwise dii«:tion along the axis 16a of the 
spinal rod 1 6 as well. By way of example and not limitation, the diametrical width of the 
coupling device along spinal rod axis 16a can be approximately 10.03 millimeters As 

canbe seeninnG.7.guides45may be provided. The guides45are provided toinitially 
pilot the cam lock member 18 into engagement with the walls 42 and 44. 

Referring next to HGS. 3 and 4, the illustrated spinal fixation system 10 has a 
polyaxial bone screw 12 whose orientation can be changed such that its longitudinal axis 

12aextends transverse to the axis21 of the coupUngdevicel4or is substantially aligned 
therewith. To this end, the coupling device 18. and specifically the coupling member 20 
thereof is provided with a bottom throughbore 50 that extends through bottom wall 52 

ofthecouplingmember 20. The bottom wall52includes an imier surface portion 54 that 
tapeis or curves inwardly ftom the surface portions 42a and 44a toward the center axis 
21. n,e diameter across the imier surface portion 54 at its lowermost end 56 is sized to 
be smaUer than an enlarged head 58 of the bone anchor screw 12. In addition, the 
diameter at 56 is sufficiently large to allow the threaded shank 60 depending from the 
screw head 58 to be advanced therethrough. Li this manner, the imier surface portion 54 
serves as a seating surface for the screw head 58. As an alternative, the diameter 56 is 
threaded with a thread oversized relative to the shank 60, thereby allowing the scr^w 
shank 60 to be loosely threaded through. In this instance, the diameter 56 is sized as to 

hold the shank 60 frompassingeasilythiough so that the screw 12andcouplingmember 

20 maybe handled byasurgeonasasingle component duringthe operation. In addition, 
the oversized threads allow the screw to be polyaxial in its orientation. As a further 
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alternative, the screw 12 may be passed through the diameter 56, and a c-ring or radial 
spring may be attached to the screw 12 immediately adjacent to the coupling member 20. 
thereby holding the two together and allowing the surgeon to utilize them as a single 
component during the operation. 

The throughbore 50 extends centrally through the inner surface portion 54 and 
includes an enlarged diameter lower portion 62 formed by tapered or curved surface 
portion 64 on the bottom waU 52 of the coupling member 20. The tapered surface 
portion 64 extends from the smaUest diameter of the bore 50 at 56 tapering outwardly 
relative to the center axis 21 of the coupling member 20 to the bottom surface 40 thereof. 
The enlarged bore portion 62 allows the screw 12 to swivel or pivot to a variety of 
different orientations thereof relative to the coupling device 14. For example, in tiie 
iUustirated form, the enlarged bore portion 62 allows the screw shank to pivot by 20 
degrees on either side of the coupUng device axis 21. As the screw 12 is pivoted, tiie 
outer arcuate surface 66 of tiie screw head 58 rides or shifts on tiie tapered seat surface 
54 in tfie coupling member 20. Once tiie orientation of tfie coupling device 14 relative 
to tiie bone screw 12 fastened into a vertebral bone is determined witii tiie spinal rod 16 

extending tiirough tiie couplingmember 20 and up alongtiie spinal column, fliecamlock 
member 18 is flien turned to its locked position. In tiie locked position, the cam lock 
member 18 anchors tiie rod 16 to tfie spinal column so it is fixed relative to the bone 
screw 12 fastened into a vertebral bone witii tiie bone screw head 58 clamped against tiie 
seat 54 tiierefor in tiie coupling member 20 thereby fixing coupling device 14 against 
shiftingrelativetotiiebonescrew 12. The outer screw head surface 66 can be configured 
witii concentoic friction enhancing ridges or helical threads 67 to enhance tiie locking 
action between tiie screw head 58 and tiie seat 54. 

Continuing reference to HGS. 3 and 4, it can be seen that in the preferred and 
illustrated polyaxial spinal fixation system 10. tiie spinal rod 16 is pushed downwardly 
for being clamped against a small anvil insert 68. It should be noted that tiie previously 
described low profile coupUng device 14 could be employed in spinal fixation systems 
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that are not polyaxial and/or which do not employ an insert as described hereinafter. 
Sinoilarly, the present insert 68 could be advantageously employed in systems thatemploy 
threads or cams in the coupling members thereof. 

The insert 68 has an upper anvil surface 70 that engages against the underside of 
the spinal rod surface 28 to maintain enhanced contact therewith over the curved surfaces 
of bone screw heads used in prior systems. The insert 68 has an upper surface 70 that 
may be substantiaUy flat, may have radiaUy oriented concave paths or valleys so that the 
insert 68 rotates to the closest path to meet with the spinal rod surface 28, or may have 
a cup or peripheral ridge that deforms when compressed by the spinal rod 12 to form a 
path without deforming the spinal rod. Accordingly, the insert 68 provides at least a line 
of contact with the curved rod surface 28, whereas prior systems engaging spinal rods 
with their curved fastener heads have a point contact with the spinal rod when clamped 
thereagainst which can more easily damage the rod 16. 

The present insert 68 is also provided with a very low profile to minimize the 
space it takes up in the coupling member 20. More particularly, the bone screw 
anchor 12 has an upper concave recess 72 formed in the screw head 58 thereof to form 
a cup-shaped wall 73 of the screw head 58 having an upwardly opening cavity 74 in 
which insert 68 is received. The insert 68 has an arcuate bottom surface 76 having a 
curvature similar to that of the concave surface 72 so that it can shift or slide thereon as 
the polyaxial screw 12 is moved to various orientations thereof relative to the coupling 
device 14. The insert 68 is sized such that the distance between the lowermost point of 
the bottom surface 76 and the top flat surface 70 is slightly larger than the depth of the 
cavity 74. In this manner, the flat surface 70 projects only sUghtly above the proximal 
end 78 of the screw 12 at the top surface 80 of the screw head wall 73 extending about 
the cavity 74. as can be best seen in HG. 5. Accordingly, the insert 68 only nominally 
increases the height of the screw head 58 in the internal space 46 of the coupling member 
20 allowing the coupling device 14 to maintain its low profile character, as previously 
described. By way of example, the distance between the bottom 40 of the coupling 
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member 20 and the spinal rod axis 16a with the rod 16 clamped against the insert 68 can 
be approximately 6.34 millimeters. It is preferred that the insert 68 has a greater elastic 
deformation than the coupling member 20 or the spinal rod 16 so that it has a greater 
spring-like property. Accordingly, the material of the insert 68 preferably has a lower 
Young's Modulus than the coupUng member 20 and spinal rod, thereby reducing the 
criticaUty of the dimensional tolerances. Altematively, a material, such as cobalt chrome, 
may be used for the insert 68 that is harder than the rod to increase the clamping force 
therebetween. 

In the preferred and iUustrated form, the small, low profile insert 68 has an 
enlarged lower portion 82 including the arcuate bottom surface 76 thereon with an upper 
portion 84 projecting centi-ally upward from the enlarged lower portion 82 and having the 
top surface 70 thereon. Accordingly, the top surface 70 is narrower in the directions 
orthogonal to the axis 21 tiian the bottom surface 76 so that a shoulder surface 86 is 
formed between the insert portions 82 and 84. The above-described stiucture for tiie low 
profile insert 68 iwovides it wifli an inverted mushroom-like configuration with the 
enlarged head portion 82 riding on the concave recess surface 72 in the screw head 58. 

To keep the insert 68 in the cavity 74 formed in the screw head 58, a retainer such 
as in the form of staked portions 88 of tiie screw head wall 73 are provided. These staked 
portions 88 extend radially inward at the proximal end 78 of the screw 12 so as to be in 
interference with the shoulder surface 86 on the insert 68 for keeping it retained in the 
cavity 74, and in a substantially upright position while providing for a small amount of 
rotation therein as shown in HGS. 3-6. It should be noted that the term rotation is meant 
to include any pivoting of the insert within the screw head 58. As can be seen, the insert 
68 is not fixed with respect to the coupling member 20, instead being retained in die 
screw head with tiie staked portions 88. This allows die insert 68 to have a sUght 
mobihty, or play, and aUows the insert 68 to shift independently of the screw 12 and the 
rod surface 28. Accordingly, the insert 68 may follow the rod surface 28 and seat itself 
between the rod surface 28 and the screw head 58 for a self-aligning capability. 



-12- 



wo 2004/071339 



PCT/US2004/003605 



As previously mentioned, the cam lock member 18 does not translate.along the 
coupling member 20 when it is turned to its locked position. In order to keep tiie cam 
lock member 18 fixed against movement in the direction along axis 21, it is provided 
with radial flanges 90 and 92 extending radiaUy outwardly from the annular body 30 at 
diametrically opposite positions thereon. The flanges 90 and 92 are received in 
correspondingly configured recesses 94 and 96 formed in the coupling member walls 42 
and 44, as can be seen in HG. 6. The recesses 94 and 96 have an arcuate configuration 
extending about axis 21 as do the radial flanges 90 and 92 for fitting therein and allowing 
turning of the cam lockmember 18 between unlocked and locked positions tiiereof. The 
flanges 90 and 92 are received in the recesses 94 and 96 when the cam lock member 18 
is turned toward its locked position. Witii the cam surface 34 camming on the rod 
surface 28, the flanges 90 and 92 in the closely conforming recesses 94 and 96 prevent 
the cam lock member 1 8 from shifting upwardly away from the spinal rod 16 and instead 
forces tiie spinal rod 16 down into clamping engagement with the insert 68 which, in 
turn, causes the screw head 58 and specificaUy outer head surface 66 to be clamped 
against the seat surface 54 in the coupUng member 20 thus fixing the coupling device 14 
relative to the bone screw 12 and anchoring the spinal rod 16 to the spinal column. 

The downwardly directed clamping forces exerted by the cam lock member 18 
between tiie screw head 58 and tiie bottom wall 52 of the coupling member 20 and in 
particular between the respective engaging surfaces 66 and 54 thereof can cause the 
coupling member walls 42 and 44 to spread apart. Accordingly, tiie flanges 90 and 92 
are also provided witii distal portions 98 and 100, respectively, tiiat extend along axis 21. 
In tiiis instance, tiie distal portions 98 and 100 are shown as being upturned from tiie 
distal ends of tiie radial flanges 90 and 92 altiiough tfiey could likewise be configured so 
tfiat tiiey extend downwardly in ttie direction along axis 21. The recesses 94 and 96 also 
include portions 102 and 104, respectively, tiiat extend in an upward direction along flie 
axis 21 in tiie coupler member waUs 42 and 44 for receiving tiie uphimed distal portions 
98 and 100 on tiie respective radial flanges 90 and 92. Witii the flange portions 98 and 
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100 receivedin the recess portions 102 and 104, any spreading action of the walls 42 and 
44 during the locking operation with turning of the cam lock member 18 is resisted. 

As previously mentioned, the cam lock member has a contoured bottom cam 
surface 34 that cams on the curved cam surface 28 of the spinal rod 16. The cam surface 
34 is best seen in HGS. 8 and 10. In the iUustrated and piefened form, the cam surface 
34 is contoured to provide three distinct regions defined in relation to their action on the 
spinal rod 16. A first concave region 106 is provided to substantiaUy mate with the rod 
surface 28 in the unlocked position. Concave surface region 106 extends across the 

bottom 34 of the camlockmember body 30 and can be aligned with the radial flanges 90 
and 92. Accordingly, the radial flanges 90 and 92 will be disposed sUghUy above the 
bottom 34 of the cam lock member body 30 to accommodate the spinal rod curved 
surface 28 extending therebelow with the cam lock member 18 in the unlocked position 
thereof. In this position, the flanges 90 and 92 are not received or fuUy received in the 
recesses 94 and 96 therefor. 

Diametrically opposite sections 106a and 106b of the concave surface region 106 
are provided so that rotation of the cam lock member 18 in the unlocked position does 
not cause a camming action to occur with only a sUght initial turning action thereof. 
With the spinal rod surface 106 aligned with the surface portions 106a and 106b, the 
spinal rod 16 is stiU loosely received under the cam lock member 1 8 and is not cammed 
thereby. BeneficiaUy, the spinal rod 16 is captured under the cam lock member 1 8 so as 
to provide the surgeon with greater fi-eedom of manipulation before finally locking the 
cam lockmember 18. With continued turning of the cam lockmember 18. the camming 
action begins at ramp regions 108 and 110 that are diametricaUy opposite to each other 
on the cap bottom surface 34 and project downwardly ftom the adjacent surface sections 
106a. 106b along direction 21. The ramp regions 108 and 110 are configured so that tiie 
rod 16 is progressively pushed downward in tiie direction 21 as the cam lock member 1 8 
is turned about tiie turning axis 21 toward flie locked position. Accordingly, in the 
unlocked position tfiese ramp surface regions 108 and 1 1 0 on the bottom cam surface 34 
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extend down along either side of the spinal rod 16 so as to advantageously take up the 
space on either side thereof thus serving to keep the space occupied by the cam lock 
member 1 8 in the coupling member 20 to a minimum for providing the overall coupling 
device 14 with a low profile. 

Continued turning of the cam lock member 1 8 toward the locked position causes 
the rod surface 28 to be engaged against diametrically opposite generally flat surface 
regions 112 and 1 14 adjacent to the ramp surface regions 108 and 1 10. respectively. In 
an alternative form, the surface regions 112 and 114 may be a valley shape providing a 
depression such that the rod 12 is received into the depression. The surface regions 112 
and 114 are not incUned relative to the axis 21 like the preceding ramp surfaces 108 and 
110 and are the lowest point of engagement of the cam surface 34 with the rod surface 
28. With the cam lock member 18 turned so that the rod surface 28 is only engaged by 
the surface regions 1 12 and 1 14, the cam lock member 18 is in its fully locked position 
with the cam lock member flanges 90 and 92 fully received in the corresponding yoke 
wall recesses 94 and 96 therefor, as shown in HGS. 1 and 6. Continued turning of the 
cam lock member in the same direction after the fully locked position has been reached 

is prevented by abutment surface regions 116andll8adjacentto the surface regions 112 
and 114, respectively. These abutment surfaces 116 and 118 extend further downwardly 
in direction 21 from the surface regions 112 and 114. 

Accordingly, the illustrated and preferred programmed cam surface 34 provides 
several stages for the camming and locking action on the spinal rod 16. As shown, the 
cam lock member 18 can be rotated by approximately 20 degrees from the unlocked 
position before the rod surface 28 reaches the ramp surfaces 108 and 110. At this point, 
the rod 16 is canamed downwardly and the cam lock member can be turned for another 
60 degrees before the rod surface 28 reaches the flat locking surfaces 1 12 and 1 14. The 
cam lock member 18 can then be turned by another 20 degrees before the rx>d surface 28 
abuts against the stop surfaces 116 and 118 and the cam lock member 18 is in its fuUy 
locked position. Thus, there is approximately 100 degrees of rotation of the cam lock 
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member 18 that is required from the fiaUy unlocked position to the fully locked position 
with 20 degrees of play provided before the camming action begins and the camming of 
the rod 16 occurring over the final 80 degrees of rotation to the fully locked position. 

Tumingtomoreofthedetails,aspreviouslymentioned,thecapcamlockmember 
18 includes drive surface portion 36 recessed in the top surface 32. As best seen in HG. 
2, the drive surface portion 36 can be formed with a pluraKty of lobes extending radiaUy 
outward from the center axis 21 for receiving a similarly lobed drive tool. TTie lobe drive 

surface portions 36 provide an increased areaforsurface contact and torque transmission 
between the drive tool and the cam lock member 18. 

For the bone screw 12, the screw head 58 is provided with peripheral driving 
surfaces 120 and recessed notches 122 formed in the proximal end 78 of the screw head 

andrecessedornotchedinto the top surface 80 thereof, as can be seen inHG. 15. In this 
manner, a driving tool having peripheral prongs for fitting in the notches 122 can be 
utilized while the anvil insert 68 is in the screw head cavity 74 and sUghtly projecting out 
therefrom, as previously described. 

Referring to FIGS. 1 and 1 1-13, it can be seen that the yoke coupler waUs 42 and 
44 are provided with a key slot 124 and 126. respectively, with the slots 124 and 126 
having enlargedcentral throughbore 128 and 130 extending through the walls 42 and 44. 
The slots enable the coupKng device 14 to be held as by arms on a device used to insert 
the spinal rod 16 into the coupling member 20, e.g. a rod persuader. The aims can have 
engaging ends that locate in the slots 124 and 126 and extend into the throughbores 128 



and 130. 



Referring now to HGS. 19-44. a low profile spinal fixation system 500 for 
securing a spinal rod 16 in accordance with another form of the present invention is 
depicted. As can be seen in HGS. 19 and 20. the system 500 includes a bone anchor 
member such as screw 502 and a coupling device 504 for securing the spinal n,d 16 
relative to the bone screw 502. The coupling device includes a couphng member in the 
form ofaunitaryyoke512, an insert in the form of anvil 516.acamlock member in the 
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form of cap 518. a connector member in the form of a spring cUp 519, and a clamping 
member in the form of a saddle 520. The fixation system 500 is similar to the 
embodiment of HGS. 1-18 in that the cap 518 and yoke 512 are provided with a very low 
profile in the direction indicated by yoke axis line 21 extending transverse and 
specifically orthogonally to the axis 16a of the spinal rod 16 fixed relative to the bone 
screw 502 by the coupling device 504, as best seen in FIG. 20. 

The screw 502 is directed through the yoke 512 and attaches the yoke 512 to a 
bone or bone firagment. The screw 502 has a head 536 with a recess 554, and the recess 
554 receives the anvil 516. The spinal rod 16 is received within an internal space or 
channel 601 in the yoke 512 and is seated on top of the anvil 516. The screw 502 is 
preferably a polyaxial screw, and the anvil 516 is permitted to move within the head 536 
of the screw 502. Accordingly, prior to the system 500 being secured, the screw 502 may 
move relative to the yoke 512 so that the yoke 512 and screw 502 may be selectively 
positioned to assume different orientations relative to each other so that their respective 
axes 21 and 544 are not necessarily aligned with each otiier, and tiie anvil 516 may move 
and pivot or rotate relative to the screw 502 so that the anvil 516 may be properly 
positioned by orienting itself with the outer surface 28 of tiie rod 16 similar to the 
previously described anvil 68. 

The rod 16 is secured or locked within the yoke 512 witii the cap 518 and saddle 
520. As will be discussed below, rotation of the cap 518 has the dual function of 
securing tiie cap 518 within recesses 642 in tiie yoke 512 and of forcing tiie saddle 520 
against tiie rod 16 to lock tiie rod 16 between tiie saddle 520 and tiie anvil 516. The 
saddle 520 and cap 518 are secured togetiier in assembly by a distinct connector in tiie 
form of the dual-pronged, spring clip 519. 

In HGS. 21-22, tfie bone screw 502 is depicted. The bone screw 502 includes a 
tip 530 at a distal end 532. a proximal end 534 including a screw head 536, a shanlc 538 
including external tiireads 540 for driving and securing flie screw into a bone or bone 
firagment, and a neck 542 where tiie head 536 and tiie shank 538 meet. The screw 502 
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is driven by rotation around its central longitudinal axis 544. The tip 530 of the screw 
may be provided with a variety of configurations such as a self-tapping structure or self- 
drilling structure, as is known. As discussed, the screw 502 is preferably polyaxial, and 
the head 536 is diametrically larger than the shank 538 at the neck 542. The polyaxial 
features of the screw 502 aUow the screw 502 to be secured to a bone in a desired 
orientation for proper fixation to the bone while aUowing the yoke 512 to be oriented 
relative to the screw 502 in an orientation desired for seating a rod 16 therein. 

The head 536 of the screw has an arcuate or slightly ramped top surface 550 
which meets a peripheral outer surface 552 of the screw head 536. The peripheral outer 
surface 552 of the screw head 536 has a generally arcuate or spherical profile 570. The 
profile 570 is interrupted with a series of concentric ridges or circular grooves 572 cut 
therein. As discussed above, the screw 502 is polyaxial so that its orientation relative to 
the yoke 512 can be precisely positioned. When the coupUng device 504 is secured to 
the screw 502, the grooves 572 grip or cut into the interior of the yoke 512 to immobilize 
the screw 502 in the desired position against the yoke 512. By way of example, the 
grooves 572 can be approximately 0.012 inches in width to provide sufficient gripping 
strength or purchase in the yoke 512. 

The top surface 550 includes an upwardly opening recess 554 formed therein for 
receiving the anvil 516. As can be seen in HGS. 24-27, the recess 554 has an arcuate or, 
preferably, spherical bottommost surface portion 556 sized and configured to allow the 
small anvil 516 to shift when seated in the recess 554. To this end, the anvil 516 has a 
bottom surface 558 supported on and sUdable against the bottommost surface portion 
556. Furthermore, the recess 554 has two pair of diametrically opposed notches 560, 

each pair perpendicularly oriented fix)m the other pair, for receiving similarly configured 
prongs of a driver without interfering with the anvil 516 therein. The top surface 550 
includes a retainer or staked portion in the form of short tabs 562 located at the opening 
to the recess 554 and between each notch 560. Prior to disposing the anvil 516 in the 
recess 554, the tabs 562 rise upwardly from the top surface 550 in the axial direction so 
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that the tabs 562 do not hinder insertion of the anvil 516. Once the anvil 516 is located 
in therecess 554, the tabs 562 are deflected over to extend radially into interference with 
the anvil 516 while stiU allowing the anvil 516 to move within the recess 554 but be 

captuxedtherein by the tabs562. After assembly,heatorothertr^atmentmayte 
to relieve residual stresses within the bent tabs 562. 

The anvil 516 has a bottom portion 580 with a generally arcuate or spherical 
bottom surface 558 which rests against the bottommost portion 556 of the seat 554. 
Accordingly, the anvil 516 may pivot or rotate within the recess seat 554. The anvil 516 
further includes a seat portion 582 extending centrally upward ftom the anvil bottom 

portion580toatop surface 584 withatransvei^e shoulder surface 585 between the anvU 
portions 580 and 582. As seen best in HG. 27. with the anvil 516 seated upright in the 
recess 554 there is a gap spacing 587 between the bent tabs 562 and the anvil transverse 
surface 585. This gap spacing 587, along with the narrower width of the anvil upper 
portion 582 extending generally upwardly in the recess 554. allows for the anvil 516 to 
toggle or pivot in the recess 554 with the anvil surface 558 sUding on the m:ess surface 
556 untU the surface 585 abuts against one or more of the tabs 562. 

The seat portion 582 is preferably firusto-conical so that compression stresses ' 
thereon are distributed through to the bottom portion 580 while minimizing the 
possibility of damage to the outer edge 584a of the top surface 584. Like the previously 
described anvil 68. the anvil bottom portion 580 is enlarged relative to the upper portion 
582 so that the seat portion 582 may move within the recess 554 and in the space 587 
between the anvil shoulder surface 585 and the tabs 562. 

When the rod 16 is inserted within the yoke 512. the side surface 28 of the rod 16 
is advanced into contact with the anvil 516. Jf the bone screw 502 is deflected, angled 
or secured so that its central axis 544 is not coincident or aligned with the yoke central 
axis, the anvil 516 is initiaUy deflected or tilted in a similar dilution. As the rod 16 is 
secured and forced against the anvil 516, the anvil 516 pivotable in the recess 554 will 
shift to require die minimize distance between the rod 16 and die bottom surface portion 
556 of 
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the recess 554. As the anvil top surface 584 is flat while the bottom surface 558 is 
spherical, the shortest distance from the top surface 584 to the bottom surface 558 is 
through the geometric center 588 to the center 590a of the bottom surface 558. 

As discussed herein, in order to have a low profile, it is prefened to minimize the 
height of file anvil 516 while remaining above the top surface 550 of the screw head 536. 
The anvil top surface 584 is sized so that, when angled or deflected due to the angle or 
deflection of the bone screw 502, at least a portion of the top surface 584 is contacted by 
rod 16 being advanced towards the anvil 516 in the yoke 512. Accordingly, the anvil 516 
is self-righting as the rod 16 contacting the anvil top surface 584 forces the anvil 516 to 
shift to align tangentially its minimum height, as discussed above, with the surface 28 of 
the rod 16. 

The polyaxial screw 502 is inserted through the yoke 512 and secured to a bone, 
and the rod 16 rests against the top surface 584 of the anvil 516. As the orientation of the 
screw 502 relative to the yoke 516 may pivot, the anvil 516 may pivot within the recess 
554 so that the top surface 584 remains tangratial to the generally cylindrical outer 
surface 28 of the rod 16. GeneraUy, the anvil 516 and screw head 536, and specifically 
the recess 554 thereof are sized relative to each other so that the anvil top surface 584 
always extends slightiy beyond the top of the cup-shaped head wall 536a at the head 
upper surface 550 even with the screw 502 pivoted to its maximum extentrelative to the 
yoke 512, e.g. twenty degrees from axis 21 . More specificaUy, as previously mentioned, 
the anvil bottom portion 580 can have its botton\ surface 558 curved to have a generally 
spherical configuration with a radius 589. as shown in HG. 24. As the bottom surface 
558 pivots in the arcuate recess surface 556, the radius 589 extends fiom the general 
center of rotation 588 of the anvU 516. The knvil 516 is fashioned from a generally 
spherical component to have the shoulder surface 585 and the seat portion 582. 
Accordingly, the height distance 586 from the center of rotatipn 588 to the anvil seat 
surface 584 is at least slightly less than the length of the radius 589. By way of example, 
the height distance 586 can be approximately 0.043 inches and the radius 589 can be 
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approximatelyO.0625 inches SO that the distance586isappn)ximately0.0195 inches less 
than the radius. If the height 586 of the anvil top surface 584 is increased significantly. 

the width oftheanviltopsurface 584 mustbe increased which would limit the polyaxial 
motion of the screw 502 as the anvil 5 16 would come into contact vwth the tabs 562 with 
a smaUer degree of tilt or deflection. If the height 586 of the anvU top surface 584 is 
decreased significantly, the rod 16 would not be able to contact anvil top surface 584 
without contacting the screw head 536 first, an event that becomes more acute at greater 
deflection angles. 

Thus, the configuration of the anvil 516 and the recess 554 including the tabs 562 
extending therein allows the anvil 516 to pivot to follow the position of the rod 16 and 
to promote self-righting of the anvil 516. In addition, the size of the anvil 516 between 
surfaces 584 and 558 including the height 586 is selected so that the top surface 584 is 
lower than a top surface of a completely spherical screw head would be to keep the 
profile of the anvil assembly including the screw head 536 and anvil 5 16 in the yoke 5 12 
to a minimum. That is, if the screw head 536 were spherical, the height of the top of the 
screw head 536 would be higher than the top surface 584 of the anvil 516. which would 
increase the overall height of the system 500. When the coupling device 504 is in its 
locked condition, the top surface 584 of the anvil 516 may slightly defoim, theieby 
fonning a depression which is tightly engkged with and confonning to the outer surface 
28 of the rod. By deforming, the anvil 516 and rod 16 fonn a substantiaUy flush mating 
surface contact, as opposed to a line contact. The bottom surface 558 of the anvil 516 
includes a small flat 590 which assists in minimizing ftiction between the anvil bottom 
surface 558 and the seat 554. 

As has been stated, tiie screw 502 is inserted through the yoke 512. As can be 
seen in HGS. 28-32, the yoke 5i2 has an enlarged base portion 600 and a shape with a 
generaUy cylindrical outer surface 602 fonned by a pair of opposed side wall portions 
604, 606 extending from the enlarged base 600 and defining a channel 601 forieceiving 
a rod 16 therebetween. The channel 601 may have a Kner made of, for instance, a 



-21- 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/071339 



PCT/US2004/00360S 



polymer such as PEEK, for promoting low-friction contact between the rod 16 and the 
channel 601. A recess 608 including the channel 601 is formed between the walls 604, 
606 with vertical axis 21, and the recess 608 includes a throughbore 612 in the bottom 
or base 600 of the yoke 512 through which the screw 502 is inserted. The throughbore 
612 may be constructed as the throughbore 50 of the coupling member 20, discussed 
above, and may include a polymer liner, such as PEEK, for promoting low-ftiction 
polyaxial movement of the screw 502 therein. 

In similar fashion to that depicted in FIGS. 1 and 11-13, the outer surfaces 602 
of the yoke waUs 604, 606 are provided with a key slot 124 and 126, respectively, with 
the slots 124 and 126 having enlarged central throughbore 128 and 130 extending through 
the walls 604, 606. The slots enable the couphng device 514 to be held as by arms on a 
device used to insert the spinal rod 16 into the yoke 512, e.g. a rod persuader. The arms 
can have engaging ends that locate in the slots 124 and 126 and extend into the 
throughbores 128 and 130. 

The outer surface 602 of the yoke 512 also includes blind apertures or holes 650. 
As can be seen best in FIG. 32, the bUnd hole 650 does not extend into the interior recess 
608, instead terminatuig at a thin wall portion 652 of the yoke 512. Once the screw 502 
and its secured anvil 516 have been inserted through the throughbore 612, the thin wall 
portion 652 adjacent each blind hole 650 is deformed into the recess 608 so that the screw 
502 and anvil 5 16 subassembly cannot be pulled back out of the yoke 5 12 and thus stays 
in assembly therewith. With the screw 502 retained in the yoke 512, the surgeon need 
only handle the screw 502, yoke 512, and anvil 516 as a single item or assembly. 

In the preferred illustrated form, the yoke 512 has a high strength unitary 
construction as described below. Each integral sidewall portion 604, 606 has a top 
surface 620, end surfaces 622, and inner surfaces 624. The inner surface 624 of each wall 
604, 606 is generally a mirror of the surface on the opposed wall. The walls 604, 606 
cooperate with each other to form two U-shaped interior surfaces 626, each with a pair 
of leg portions 628 that are vertically opposed in a region from the top surface 620 
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extending downward. Each pair of leg portions 628 meets a generally semi-circular 
portion 630 interconnecting the leg portions 628. To the outside of the surfaces 626, the 
cylindrical outer surface 602 of the yoke 512 is truncated to form the end surfaces 622 
of the walls 604, 606, and is truncated to form end surfaces 632 on the base 600. The 
truncation of the ends of the yoke 512 reduces the overall size of the yoke 512 in a 
widthwise direction transverse to the axial direction 21. Referring to FIGS. 28 and 31, 
as the base 600 has a greater dimension between its end surfaces 632 than the walls 604, 
606 have between their end surfaces 622, there is a shoulder 634 formed between the end 
surfaces 632 and the end surfaces 622. The enlargement of the base portion 600 at the 
lower end portions of the walls 604 and 606 provides increased strength to the yoke 512 
in the area of highest stress concentration where the rod 16 is clamped down on the 
curved surface portions 630 of the yoke 512 toward the bottom end thereof. The cut- 
away of the yoke 512 along the side wall portions 604 and 606 extending up from the 
base portion 600 keeps the width of the yoke 512 for a majority of its axial length to a 
ntiinimum, as previously described. 

The inner surfaces 624 of the walls 604, 606 each include a surface 640 having 
a generally cylindrical configuration extending between the U-shaped interior surfaces 
626. The cylindrical surfaces 640 and interior surfaces 626 define interior recesses 642 
extending circumferentially in the sides with a constant cross-section. Guides 643 in the 
form of small projections or nubs are located on the interior surface 626, as depicted in 
FIG. 28, above the recesses 642. When the saddle 520 is inserted into the yoke 512, as 
seen in FIG. 29, the guides 643 assist in proper positioning of the saddle therein, as will 
be discussed below. In addition, the guides 643 serve as detents to provide distinct rotary 
positions for the cap 518 as it is turned. Similar to the cam lock member 18 described 
above, the cap 51 8 has a generally cylindrical body portion 644 with an outer surface 645 
including a number of recesses arranged thereon in the fonnof generally vertical, arcuate 
indentations 647 circumferentially spaced about the outer surface 645. The indentations 
647 cooperate with flie detents 643 to provide a tactile indication to a surgeon as to how 
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far the cap 518 has been tunied in the yoke 512 as the nub detents 643 snap into and out 
from the indentations 647. For instance, with the cap 518 in its locked position, the 
detents 643 and indentations 647 can be spaced so that a predetermined number of cUcks 
are generated when the cap 518 is turned to its completely locked position, e.g. one- 
hundred degrees from the unlocked position. 

The recesses 642 extend generaUy horizontally for receiving the cap 518 and 
more specifically, a pair of radial flanges 656 of the cap 518 that fit into thi 
correspondingly configured recesses 642 of the yoke 512 in a manner similar to 

previouslydescribedflanges90and92andcorrespondingrecesses94and96.Theradial 
flanges 656 and recesses 642 keep the cap 518 from shifting axially along the yoke 512 
as it is turned so that the camming action generated between the cap 518 and saddle 520 
only causes axial shifting of the saddle 520 toward and against the spinal rod 16. Each 
of the flanges 656 includes a flat ramp lead-in surface 657 that assists in guiding the 
flanges 656 as they are tmned from the slots formed between the sidewall portions 604 
and 606 with the c^ 518 in its unlocked position to shift the flanges 656 to be mserted 
in their respective recesses 642. No camming action, however, occurs between the 
surfaces of the recesses 642 and tiie flanges 656 that shifts the lower surface 700 of the 
saddle 520 relative to the cap 518. As explained below, the camming action is solely 
generated between the bottom surface 704 of the cap 518 and the top surface 702 of the 
saddle 520. 

Theradial flanges 656 also include upturned portions 658 at their distal ends 659, 
and the recesses 642 also include corresponding portions 649 that extend in an upward.' 
axial direction in the respective yoke walls 604. 606 for receiving the upturned flange 
portions 658 therein. With the flange portions 658 received in the corresponding recess 
portions 649. any spreading action of the yoke walls 604. 606 during the locking 
operation witii the turning of tiie cap 518 is resisted. 

As depicted in HQS. 41-44. flie cap 518 and tiie saddle 520 each define centi-al 
openings 670, 672. respectively, through which tiie clip 519 extends. The cap opening 



-24- 



wo 2004/071339 



PCT/US2004/003605 



670 is segmented between a lower portion 670a and an upper portion 670b that steps 
open to a diameter larger than that of the lower portion 670a. An annular shoulder 
seating surface 674 is at the transition between the lower portion 670a and the upper 
portion 670b of the cap opening 670. The upper portion 670b also opens to a recessed 
bottom surface 671 in the drive soctet of the cap member 518. 

Referring to FIGS. 36 and 37, the cUp 519 includes an annular base portion 680 

and tworesilient prongs or stems 680a, 680b projectingupwaid therefrom alongclip axis 
683 and spaced by an axially extending gap 682 therebetween. Each stem 680a, 680b 
terminates at their ftee ends with flanges 681a and 681b including an upwardly facing 
cam surface 684 that can be ramped or inclined relative to the cHp axis 683, or have a 
curvature thereto. The cam surfaces 684 aid in insertion of the cUp 519 through the 
openings 670 and 672, and a corresponding lower stop surface 688 is provided at the 
prong flanged ends 681a and 681b extending normal to cUp axis 683 that substantially 
prevents unintentional removal of the cUp 519 back through the openings 670, 672. 

The cend»l opening 672 of the saddle 520 also includes an upper portion 672a 
and a lower portion 672b. The lower portion 672b opens to a concave bottom 700 of tiie 
saddle 520 and has a larger diameter than the upper portion 672a so that there is an 

annularshouldersurface672aextendingtiierebetween.Theenlargedlowerportion672b 
is sized such tiiat the base portion 680 of the clip 519 is fit and held therein in 
interference witii tiie surface 672c. Preferably, the diameter of tiie opening lower portion 
672b is kept to a minimum to increase flie surface contact area of the saddle surface 700 
on the rod 16. The opening upper portion 672a can be sized to have a similar diameter 
as that of the smaller lower portion 670a of die cap opening 670. 

To assemble the cap member 5 18 and saddle member 520 togetiier. initially the 
spring clip member 519 is axiafly inserted in saddle opening 672 with prong free ends 
681a and 681b first inserted in enlarged lower opening 672b. Witii continued axial 
insertion, the cam surfaces 684 engage and cam against shoulder surface 672c resilientiy 
forcing the spring prongs 680a and 680b toward each other to take up tiie gap 682 
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therebetween. With the prongs 680a and 680b pushed together, the lateral outer edges 
684a of the cam surfaces 684 are spaced by a distance slighUy less than the diameter of 
the opening portions 670a and 672a. This aUows the clip member 519 to continue to be 
inserted through the opening 672 including the smaller diameter opening upper portion 
672a. Depending on the distance across the undef onned piong upper edges 684a relative 
to the diameter of opening lower portion 672b, there may also be camming against the 

saddle surface 700 with some attendantpiong deformation toenabletheclip prongs 680a 
and680btofitintoopeninglowerportion672b. Once the prong ends 68 la and 68 lb and 
specificaUy the prong surfaces 688 thereat clear the opening upper portion 672a. ti,e clip 
prongs 680a and 680b return to their original undeformed state with surfaces 688 in 
confronting relation with upper surface 702 of the saddle 520 so tiiat absent exerting a 
force to bring the prongs 680a and 680b together, the cUp member 519 and saddle 
member 520 stay assembled together. 

To complete tiie assembly process, the prong ends 681a and 681b are next 
axially inserted in the cap opening 670, and specificaUy smaller lower portion 670a 
tiiereof. Accordingly, the cam surfaces 684 cam against a lower surface 687 of the cap 
518 about die central opening 670 therein which forces the resilient stems 680a, 680b 
togetfier taking up die gap 682 tfierebetween to allow the clip prongs 680a and 680b to 
be inserted through the opening portion 670a. Once the clip cam surfaces 684 pass 
tiiiough die lower portion 670a of the cap opening 670. die stems 680a. 680b resiUentiy 
return back toward tfieir non-flexed position. After die prong ends 681a and 681b exit 
die opening 670, the prongs 680a and 680b will return to tfieir undeformed state, and die 
stop surfaces 688 wiU be facing die cap surface 671 and spaced diereftom so tfiat tfiere 
is play between die connected components. i.e. die cap 518. saddle 520. and clip 519. as 
shown in HG. 42. Upon turning die cap 518 toward its locked position, the prong ends 
681a and 681b re-enter die opening upper portion 670b as die saddle member 520 is 
driven toward die rod 16 shifting die spring clip member 519 axially Uierewidi due to 
engagement of die surface 672c on die clip base 680 widi die stop surfaces 688 brought 
into abutting engagement 
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With the seating surface 674 to substantially prevent the cUp 519 from being 
unintentionally pulled back through the openings 670, 672 during cap turning to its 
locked position. 

The stenas 680a, 680b of the cUp 519 further include an intermediate cam portion 
including a central, double-ramped cam surface 800. When initially prepared for 
implantation, the cUp 519 holds the cap 518 and saddle 520 in a compact, assembled 
arrangement with the cUp base 680 drawn into abutting engagement with the saddle 
opening shoulder surface 672c so that the saddle 520 is against or closely adjacent to the 
cap 518, as shown in FIGS. 41 and 42. In the compact arrangement, the double-ramped 
surface 800 is located within the cap opening 670 to hold cap 5 1 8 against the saddle 520. 
The stop surfaces 688 at the terminal ends 681a, 681b of the stems 680a, 680b allow the 
cap 518 to remain in assembly with the saddle 520 in the event the cap 518 and saddle 
520 are removed from the yoke 512, such as when a surgeon removes the fixation system 
500 from a patient's spine. 

More particularly, the ramp cam surfaces 800 includealower cam surface portion 
802 and an upper cam surface portion 804 that meet at a lateraUy common outer edge 
806. Referring to FIG. 37, it can be seen that the intermediate outer cam surface edge 
806 is sized approximately the same as the distance across the distal upper prong edge 
at 684a. As shown, the cam surface 802 is inclined away from axis 683 as it extends 
upwardly to edge 806 while the cam surface 804 is incUned toward the axis 683 as it 
extends upwardly from the edge 806. Thus, during assembly, the upper cam surface 804 
can assist in shifting of the prongs 680a and 680b toward each other so they can fit 
through cap and saddle openings 670 and 672. Similarly, when turning of the cap 518 
to loosen the saddle 520 on the rod 16, the upper cam surface 804 allows the saddle 520 
along with the clip member 519 to be drawn back axially upward. 

With the cap 518 and saddle 520 assembled as shown in HG. 42, the edges 806 
will be disposed in saddle opening upper portion 670b so that the lower ramp surface 802 
frictionally bears on the surfaces about the opening lower portion 670a to hold the saddle 
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upper surface 702 up against or closely adjacent the cap bottom surface 704. In addition 
the ramped or inclined orientation of the cam surface 802 allows the saddle 520 to be 

dnvendownwardlyorawayfromtheaxiaUystationarytumingcapmember518.Tunung 
of the cap member 518 toward its locked position causes the cam surfaces 802 to 
cammingly bear against the surfaces about opening portion 670a urging the resilient 
prongs 680a and 680b toward each other to aUow the prongs including the edges 806 
thereoftofitthroughtheopeningportion670a. However, the axial distance between the ■ 
cam surface edges 806 and the stop surfaces 688 is larger than the axial extent of the 

lower opening portion 670a of the saddle so that once theedges806clear the bottom of 
the opening portion 670a. the prongs 680a and 680b will be able to resiliently return 
toward their undeformed configuration so that the stop surfaces 688 are in interference 

wrth the seating surface674intheopening670.Inaddition, with thesaddlemember520 
shrfted axially downward, the cam surface edges 806 will be exposed out from the 
openmgs 670 and 672, as shown in HG. 44. 

As can be seen in HGS. 38-40. the saddle 520 has grooves 701 along its sides 
710. As mentioned above, when the saddle 520 is inserted into the yoke 512. as seen in 
HG. 29. the grooves 701 receive the nub guides or detents 643 of the yoke 512, which 
directtheproperpositioning andinsertion of the saddle 520 within the yoke 512 with the 
yoke sides 710 guided along the interior of the yoke sidewall portions 604 and 606 The 
saddle 520 further has tapered ends 703, as can be seen in HG. 38. which assists in 
moving the saddle 520 into or out of the yoke 512. 

m addition, the bottom surface 700 of the saddle 520 is concave to engage the rod 
16 m a complementary fashion. The saddle 520 also includes a distinctly profiled upper 
or top surface 702 designed to cooperate with a distinctly profiled bottom surface 704 of 
the cap 518 to cammingly shift the bottom surface 700 of the saddle 520 into locking 

engagementwiththerodl6.MorespecificaUy,thetopsurface702ofthesaddle520has 
a generally horizontal and substantially flat portion 706 extending lengthwise toward 
each yoke sidewall portion 604 and 606 in a direction generaUy orthogonal to the 
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direcHon of the axis 524 of the rod 16. In this regard, the saddle 520 presents an elongate 
cam surface 702 that is oriented ninety degrees ftom the elongate cam siuface presented 
by the surface of the rod such as in the previously described system 10. 

When the saddle520isdeployedin the lockedpositionwiththecap518. as seen 
in HG. 44. force between the cap and saddle 520 is generally transmitted thrxjugh the 
bottom cam surface portions 820 generally positioned at lateral positions 709 of the 
saddle top surface 702. The positioning of the saddle 520 transversely to a rod received 
in the bottom surface 700 thereof allows the saddle 520 to distribute locally the forces 
resolved through its lateral portions to a surface- contact area in a local region of the rod 
16. contrast, were the saddle 520 oriented along the longitudinal axis 16a of the rod 
16, or ninety degrees shifted from that depicted, the saddle 520 providing force through 
its lateral ends 709 would transmit the forces through a pair of local regions disposed 

along the top of the surface of therodl6mating therewith. Such arrangementmay cause 
fretting, or damage and wear, to the rod 16 which may lead to failure of the rod or 
shearing of rod and saddle fragments. Furthermore, such an arrangement may impart a 
stiffness to a length of the rod 16 that is undesirable for the performance of the system 
when the patiem is permitted to move, which places stress on the system. 

The top surface 702 also includes two substantially flat side cam surfaces 708 
flanking and meeting the flat portion 706. Each of flie cam surfaces 708 is inclined fiom 
flie flat portion 706 down to lower sides 710 of the saddle 520. The edge 712 between 
tiie cam surfaces 708 to the lower sides 710 is slightiy rounded to allow the cap 518 to 

cameasilyagainstfl,eedge712.Accordingly,thefacetedcamsurface702extends about 
an axis tfiat is generally nonnal to the rod axis 16a. 

Altfiough the top surface 702 could, alternatively, be arcuately sloped upward 

for receiving tiie bottom cam surface 704 of the cap 518. tire flat portions 706 provide a 

pieferable distiibution of stress during canmiing action. More specifically, a round or 

arcuate cam surface requires a significant amount of work to be done by the camming 

engagement in the initial portion of die arcuate cam surface, and then that amount of 
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work decreases as the cam engagement travels up to the top of the arcuate cam surface. 
In contrast, generally flat surfaces, such as flat portions 706, provide that the work is 
more evenly distributed along the flat portion 706 as the mating cam surface 704 of the 
cap 518 is directed over the flat portions 706. 

Upon rotation of the cap 518 relative to the saddle 520, the bottom surface 704 
of the cap 518 cams against the top surfiice 702 of the saddle 520 so that the bottom 
surface 704 of the cap 518 engages the top surface 702 of the saddle 526. which shifts the 
saddle 520 axially away from the cap 5 18 and into a tight engagement with the spinal rod 
16. Li this regard, the cap 518 itself does not shift verticaUy along and within the yoke 
512, instead only rotating around its central vertical axis, as the cap 518 is turned for 
locking of the spinal rod 16. As previously discussed, the length 690 of the clip 519 
between the base portion 680 and the stop surfaces 688 are designed specificaUy to allow 
this shifting operation between the cap 518 and the saddle 520, 

As depicted in FIG. 34, the bottom surface 704 of the cap 518 is a programmed 
cam surface in the same manner as the cam lock member. 18 discussed above and 
depicted in PEGS. 8 and 10, albeit shifted ninety degrees therefrom on the cap 518 so that 
in the unlocked position of the cap 518, as shown in HO. 34; the cap cam surface 704 
generally extends about an axis normal to the rod axis 16a. This is because the cam 
surface 702 of the saddle 520 is rotated ninety degrees from that of the rod surface as 
previously mentioned so that the corresponding cam surface portions of the cap cam 
surface 704 are also shifted ninety degrees from their location on the previously described 
cam lock member 18, as can be seen best in FIG. 34. This also allows the cam suifeces 
702 and 704 to seat in close fitting relation prior to turning of the cap 518 toward its 
locked position so that the cap 518 and saddle 520 have a low profile in the yoke 512 
with side portions of the cap 518 extending down about the saddle 520, as can be seen 
in HG. 20. Accoidmgly, turning the cap membtar 518 towatd its locked position will 
generate a camming action on the faceted cam surface 702 of the saddle 520 in much the 
same manner as Uie cam member 18 does on tiie rod 16 as discussed earlier. In addition. 
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the bottom surface 704 includes additional cut-away recesses 720, depicted in FIG. 41. 
The recesses 720 are located on an interior portion of ramp surfaces 108, 110 and serve 
to reduce wear and deformation of the ramp surfaces 108. 110 when rotated along the 
saddle cam surface 702. In contrast to the cam lock member 1 8 discussed above, the cap 
cam surface 704 includes a flat central portion 704a against which the top surface 706 
rests when the saddle 520 and cap 518 are in the compact configuration of HG. 42. 

Referring now to FIG. 35, the cap 518 further includes a socket 740 for receiving 
a driver or a portion of a rod persuader. The cap 5 1 8 has a top surface 742, a central axis 
of rotation 744, and a central laterally extending axis 746. The central axis of rotation 
744 and the central vertical axis 21 of the yoke 512 are generally aligned and coincident 
(see FIGS. 41 and 19). The lateral axis 746 is drawn along the midpoints 748 of each 
flange 656 intersecting the rotary axis 744 at the center of the socket 740. The socket 740 
in the present form has a pluraUty of lobes 752 including a pair of lobes 754 which have 
a size larger than the other lobes 752 so that the lobes 752 are generally asymmetric about 
the socket 740. In addition, the larger lobes 754 are diametricaUy opposed and oriented 
along an axis 756 perpendicular to the axis of rotation 744 and angularly shifted from the 
central lateral axis 746, preferably by approximately 10 degrees. The geometry of the 
lobes 752 and 754 provides a driver or rod persuader received by the receptor 740 with 
only two distinct mating positions, and the offset axis 756 of the lobes 754 provides a 
surgeon an indication of tiie position of the cap 518 relative to the driver or rod persuader. 
It should be noted tiiat the lobes 752, 754 could be arranged and located in a pluraUty of 
orientations provided tiie cap 518 and instiument have, preferably, only one relative 
orientation therebetween for mating. Although the preferred embodiment includes the 
lobes 752 and 754, other geometry may be employed. The lobes 752 and 754, however, 
enable greater torque to be used between tiie cap 518 and driver tiian other known 
geometries. 

In otiier forms of tiie systems 10 and 500 described above, the bone anchor 
member may be provided as a number of variations. For instance, a fixed screw may be 
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employed with the system, either as an integral component with the coupling member or 
as a component received in the coupling member, as has been described. In the same 
manner, a hook may be employed with the coupling members. 

While there have been illustrated and described particular embodiments of the 
present invention, it wiU be appreciated that numerous changes and modifications will 
occur to those skilled in the art, and it is intended in the appended claims to cover all 
those changes and modifications which fall within the true spirit and scope of the present 



mvention. 
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